MILITARY  MEDICINE,  180,  3:56,  2015 


A  Comparison  of  Acute  Respiratory  Distress  Syndrome  Outcomes 
Between  Military  and  Civilian  Burn  Patients 

J  Alan  Waters,  MD*;  MAJ(P)  Jonathan  B.  Lundy,  MC  USA*;  James  K.  Aden,  PhD*; 

Maj  Christy  R.  Sine,  USAF  MCf;  Maj  Allison  R.  Buel,  USAF  MCf; 

Maj  Jonathan  L.  Henderson,  USAF  MCf;  Maj  Ian  J.  Stewart,  USAF  MCf; 

Lt  Col  Jeremy  W.  Cannon,  USAF  MCf;  Andriy  Batchinsky,  MD*; 

COL  Leopoldo  C.  Cancio,  MC  USA*;  LTC  Kevin  K.  Chung,  MC  USA*t 


ABSTRACT  Background:  The  objective  of  this  report  was  to  compare  the  prevalence  of  acute  respiratory  distress 
syndrome  (ARDS)  and  associated  mortality  between  military  service  members  with  bums  sustained  during  or  in  support 
of  combat  operations  and  civilian  bum  patients  treated  at  a  single  burn  center.  Methods:  Demographic  and  physio¬ 
logic  data  were  collected  retrospectively  on  mechanically  ventilated  military  and  civilian  patients  admitted  to  our  burn 
intensive  care  unit  between  January  2003  and  December  2011.  Patients  with  ARDS  were  identified  and  categorized 
as  mild,  moderate,  or  severe  using  the  Berlin  criteria.  Demographics  and  clinical  outcomes  were  compared.  After 
initial  comparison,  propensity  matching  was  performed  and  mortality  compared.  Results:  A  total  of  891  burn  patients 
required  mechanical  ventilation  during  the  study  period;  291  military  and  600  civilian.  The  prevalence  of  ARDS  was 
34%  ( n  =  304)  for  the  entire  cohort,  33%  (n  =  96)  for  military,  and  35%  (n  =  208)  for  civilians  ( p  =  0.55).  For  the 
entire  cohort,  despite  more  severe  injury  burden,  military  patients  had  a  significantly  lower  overall  mortality  (17%  vs. 
28%;  p  =  0.0002)  as  well  as  ARDS  mortality  (33  vs.  48%,  p  =  0.02)  when  compared  to  civilians.  This  difference  was 
not  significant  after  propensity  matching  based  on  age.  Conclusion:  In  a  retrospective  cohort  study,  burned  military 
patients  on  mechanical  ventilation  had  a  significantly  lower  overall  and  ARDS  mortality  despite  larger  burns  and  more 
severe  injury  when  compared  to  civilian  bum  patients.  This  difference  appears  to  be  largely  because  of  age. 


INTRODUCTION 

Development  of  acute  respiratory  distress  syndrome  (ARDS) 
is  a  common  complication  of  burn  injury  and  is  associated 
with  poor  outcomes.  Previous  reports  using  the  longstanding 
American-European  Consensus  Conference  definition,  show 
that  between  40%  and  54%  of  burn  patients  who  require 
mechanical  ventilation  (MV)  will  develop  ARDS.1  3  These 
patients  have  a  mortality  between  14%  and  42%.1-J  Age, 
delayed  resuscitation,  sepsis,  and  inhalation  injury  (II)  have 
been  reported  as  risk  factors  for  the  development  of  ARDS. 1-5 

The  Berlin  definition  for  classifying  ARDS  defines  three 
separate  categories  based  on  the  degree  of  hypoxia  measured  as 
the  ratio  of  partial  pressure  of  arterial  oxygen  (PaCy  to  fraction 
of  inspired  oxygen  (FiOaXPaCB  to  Fi02  ratio  [PFR]).6  The 
three  categories  of  the  Berlin  definition  are  (1)  mild  (200  mm 
Hg  <  PFR  <  300  mm  Hg),  (2)  moderate  (100  mm  Hg  <  PFR  < 
200  mm  Hg),  and  (3)  severe  (PFR  <  100  mm  Hg)  in  the  setting 
of  at  least  5  cm  H2Q  of  positive  end  expiratory  pressure. 
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The  U.S.  Army  Institute  of  Surgical  Research  (USAISR) 
Bum  Center  serves  as  the  sole  referral  center  for  all  U.S. 
military  burn  casualties  as  well  as  the  civilian  regional  burn 
center  in  South  Texas.  The  USAISR’s  unique  role  in  serving 
two  distinct  populations,  allows  for  direct  comparison  of 
clinical  outcomes.  We  have  recently  reported  the  application 
of  the  Berlin  definition  separately  in  a  group  of  military  burn 
patients,  revealing  that  moderate  and  severe  ARDS  increased 
the  odds  of  death  by  4-fold  and  9-fold,  respectively.7  In  this 
article,  we  expand  on  this  work  by  comparing  ARDS-related 
outcomes  among  military  burns  to  those  of  civilian  burns 
admitted  to  our  burn  center.  Differing  baseline  characteristics 
between  civilian  and  military  populations,  as  well  as  different 
mechanisms  and  patterns  of  burn  injury,  may  impact  the  inci¬ 
dence  and  prognosis  of  ARDS  between  these  two  groups. 

PATIENTS  AND  METHODS 
Clinical  Setting 

The  USAISR  Burn  Center  is  a  Fevel  V  facility  within  an 
established  chain  of  evacuation  for  U.S.  combat  causalties. 
Guidelines  and  protocols  have  been  developed  to  ensure  stan¬ 
dardized  prehospital  resuscitation  and  care  of  burned  combat 
casualties  during  evacuation.8'9  There  is  a  dedicated  burn 
flight  team  capable  of  providing  transcontinental  evacua¬ 
tion  of  severely  burned  combat  casualties  to  the  USAISR. 
The  US  AIR  also  functions  as  the  regional  burn  center  in 
South  Texas,  serving  a  civilian  population  within  an  area 
of  80,000  square  miles.  All  obtunded  patients,  patients  with 
symptomatic  II,  and  those  at  risk  for  airway  compromise 
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Impact  of  Age  on  ARDS  Outcomes 


are  intubated  during  resuscitation  and  undergo  fiberoptic 
bronchoscopy  for  evaluation  of  II. 

Study  Design  and  Participants 

Approval  for  this  study  was  obtained  from  the  U.S.  Army 
Medical  Research  and  Materiel  Command  Institutional 
Review  Board.  All  patients  admitted  to  the  USAISR  requir¬ 
ing  MV  from  January  2003  through  December  2011  were 
included.  Data  collected  from  the  electronic  medical  record 
included  age,  sex,  height,  weight,  percentage  of  the  total  body 
surface  area  (TBSA)  burned,  percentage  of  full-thickness  burn 
(FT),  presence  of  II,  injury  severity  score  (ISS),  and  survival. 
Patients  were  included  in  the  military  cohort  if  they  sustained 
their  burns  in  support  of  or  directly  as  a  result  of  combat 
operations  in  Iraq  or  Afghanistan.  The  total  volume  of  resus¬ 
citation  fluid  in  the  first  24  hours  after  injury,  development 
of  acute  kidney  injury  (AKI)  graded  in  accordance  with  the 
criteria  of  the  AKI  Network,10  and  blood  products  transfused 
before  the  diagnosis  of  ARDS  were  also  examined.  Three 
separate  pulmonary  critical  care  physicians  (C.R.S.,  A.R.B.,  J. 
L.H.)  reviewed  records  of  patients  included  for  evaluation 
to  identify  those  meeting  diagnostic  criteria  for  ARDS  based 
on  the  Berlin  definition.  Arterial  blood  gas  values  on  the  day 
of  ARDS  diagnosis  were  used  to  calculate  PFR.  For  patients 
with  ARDS,  timing  between  injury  and  the  diagnosis  of  ARDS 
was  determined  and  recorded.  Radiologic  criteria  were  deter¬ 
mined  based  on  daily  chest  X-ray  radiology  reports.  Heart 
failure  or  hydrostatic  edema  caused  by  fluid  overload  was 
ruled  out  based  on  echocardiography  reports  (subject  to  avail¬ 
ability)  or  the  evidence  of  improvement  in  pulmonary  infil¬ 
trates  with  diuresis  as  the  only  intervention  as  documented  in 
the  daily  progress  notes.  All  patients  that  met  the  criteria  for 
ARDS  underwent  a  second  chart  review.  In  cases  of  disagree¬ 
ment,  the  senior  author  (K.K.C.)  adjudicated. 

Statistical  Analysis 

Continuous  variables  are  reported  as  means  ±  standard  devi¬ 
ation.  Categorical  variables  are  reported  as  proportions  and, 
where  appropriate,  tested  for  significance  using  the  y1  test. 
Stepwise  logistic  regression  was  performed  to  determine  the 
independent  variables  most  closely  associated  with  moderate 
or  severe  ARDS.  We  then  performed  a  propensity  analysis 
matching  the  two  groups  by  age  and  again  compared  all 
demographic  and  outcomes  variables  to  include  ARDS  mor¬ 
tality  (i.e.,  mortality  among  those  with  ARDS).  All  statistical 
analyses  were  completed  using  SAS  version  9.2  (SAS  Insti¬ 
tute,  Cary,  North  Carolina). 

RESULTS 

A  total  of  891  burn  patients  required  MV  during  the  study 
period;  291  military  and  600  civilian.  Table  I  illustrates  and 
compares  baseline  demographic  and  outcomes  data  between 
these  two  groups  overall.  The  military  cohort  was  signifi¬ 
cantly  younger  than  civilians  (26  vs.  46  years,  p  <  0.0001) 


TABLE  I.  Comparison  of  Demographics  and  Outcomes  Between 
Military  and  Civilian 


Military 
( n  =  291) 

Civilian 
(n  =  600) 

p  Value 

Age,  Years 

26  ±7 

46+  18 

<0.0001 

BMI 

28  ±6 

28  +  7 

NS 

Male  (%) 

97 

79 

<0.0001 

ISS 

26  +  14 

18  ±  14 

<0.0001 

TBSA  (%) 

34  +  24 

28  +  24 

0.002 

n  (%) 

45 

35 

0.004 

FT  Burn  (%) 

26  +  24 

13  +  21 

0.002 

FFP 

1.62  +  21 

0.47  +  21 

0.0002 

24-Hour  Volume  (L) 

17.4  +  12.8 

11.7  ±  11.0 

0.0002 

AKI  (%) 

68 

74 

0.08 

Pneumonia  (%) 

47 

27 

<0.0001 

ARDS  Overall  (%) 

33 

35 

NS 

Mild  (%) 

6.2 

5 

NS 

Moderate  (%) 

21 

22 

NS 

Severe  (%) 

5.5 

7.70 

NS 

Overall  Mortality  (%) 

17 

28 

0.0002 

AKI,  acute  kidney  injury;  ARDS,  acute  respiratory  distress  syndrome;  BMI, 
body  mass  index;  FFP,  fresh  frozen  plasma;  FT,  full-thickness;  II,  inhalation 
Injury;  ISS,  Injury  Severity  Score;  NS,  Not  Significant;  TBSA,  total  bum 
surface  area. 


and  was  composed  of  a  larger  percentage  of  males  (97%  vs. 
79%,  p  <  0.0001).  The  military  cohort  had  a  larger  TBSA 
burned  (34  vs.  28,  p  =  0.002),  larger  FT  TBSA  (26  vs. 
13,  p  =  0.002),  and  a  higher  ISS  (26  vs.  18,  p  <  0.0001). 
Additionally,  II  was  significantly  more  common  in  mili¬ 
tary  patients  (45%  vs.  35%,  p  =  0.0004)  as  was  fresh  frozen 
plasma  (FFP)  administration  and  pneumonia.  Prevalence  of 
ARDS  was  34%  for  the  entire  cohort,  and  was  no  different 
for  military  (33%)  when  compared  to  civilians  (35%). 
Overall  mortality  was  lower  in  the  military  patients  com¬ 
pared  to  civilians  among  all  those  in  the  study  population 
(17%  vs.  28%,  p  =  0.0002). 

Table  II  depicts  the  demographic  and  outcomes  data 
among  just  those  with  ARDS  as  a  diagnosis  per  the  Berlin 
criteria.  The  military  cohort  is  still  significantly  younger. 
Although  the  TBSA  is  no  longer  different,  ISS,  FT,  and  II 
are  higher  in  the  military  when  compared  to  civilians.  Addi¬ 
tionally,  military  patients  among  those  with  ARDS  appear  to 
have  received  more  FFP  and  more  fluid  (likely  because  of 
bigger  bums),  yet  the  mortality  remains  significantly  lower. 

Tables  III  and  IV  depict  the  variables  that  were  signifi¬ 
cantly  associated  with  the  development  of  moderate  or  severe 
ARDS.  Although  II  and  FFP  administration  appeared  to 
increase  the  odds  of  ARDS  in  the  military  group,  these  vari¬ 
ables  did  not  reach  significance  in  the  civilian  group.  Age 
was  significantly  associated  with  moderate  and  severe  ARDS 
in  the  civilian  cohort. 

Propensity  Matching 

Table  V  depicts  propensity  matching  based  on  48  age  matched 
pairs  between  the  two  cohorts  among  those  with  ARDS  as  a 
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TABLE  II.  Comparison  of  Demographics  and  Outcomes  in 
Those  With  ARDS 


Military 
(n  =  96) 

Civilian 
(n  =  208) 

p  Value 

Age,  Years 

28  ±9 

51  ±  19 

<0.0001 

BMI 

29  ±5 

28  ±6 

0.05 

Male  (%) 

98 

77 

<0.0001 

ISS 

30  ±  15 

22  ±  14 

<0.0001 

TBSA  (%) 

41  ±26 

35  ±24 

0.28 

n  (%) 

56 

43 

0.03 

FT  Burn  (%) 

33  ±26 

16  ±21 

0.01 

FFP 

3  ±7 

1  ±4 

0.005 

24-Hour  Volume  (L )" 

20  ±  1 1 

15  ±  12 

0.03 

AKI  (%) 

73 

82 

0.08 

Pneumonia  (%) 

64 

49 

0.01 

ARDS  Mortality  (%) 

33 

48 

0.02 

AKI,  acute  kidney  injury;  ARDS,  acute  respiratory  distress  syndrome;  BMI, 
body  mass  index;  FFP,  fresh  frozen  plasma;  FT,  full-thickness;  II,  Inhalation 
Injury;  ISS,  Injury  Severity  Score;  TBSA,  total  bum  surface  area.  “Data 
available  for  31  military  patients. 


TABLE  III.  Independent  Variables  Associated  with  Moderate  or 
Severe  ARDS  in  Military  Bums 


Independent 

Variable 

OR 

95%  Wald 

Confidence  Limits 

p  Value 

h 

1.90 

1.01-3.54 

0.046 

ISS 

1.04 

1.01-1.07 

0.0021 

Pneumonia 

1.98 

1.07-3.66 

0.03 

FFP,  Units 

1.32 

1.01-1.72 

0.04 

AKI,  acute  kidney  injury;  FFP,  fresh  frozen  plasma;  II,  inhalation  injury; 
ISS,  Injury  Severity  Score. 


TABLE  IV.  Independent  Variables  Associated  With  Moderate  or 
Severe  ARDS  in  Civilian  Bums 


Independent 

Variable 

OR 

95%  Wald 

Confidence  Limits 

p  Value 

Age,  Years 

1.02 

1.012-1.05 

<0.0001 

AKI 

3.18 

1.89-5.33 

<0.0001 

ISS 

1.02 

1.009-1.039 

0.0012 

Pneumonia 

3.13 

2.038^1.815 

<0.0001 

AKI,  acute  kidney  injury;  ISS,  Injury  Severity  Score. 


diagnosis.  In  this  analysis,  mortality  is  no  longer  different 
between  the  two  groups. 

DISCUSSION 

The  main  purpose  of  this  study  was  to  compare  the  preva¬ 
lence  of  ARDS  and  its  associated  mortality  in  military  ser¬ 
vice  members  with  burns  sustained  during  or  in  support  of 
combat  operations  and  civilian  burn  patients  treated  at  a 
single  bum  center.  One  striking  finding  of  this  study  is  that, 
despite  more  severe  injury  defined  by  TBSA,  FT,  presence 
of  II,  and  ISS,  military  patients  had  a  significantly  lower 
mortality.  On  logistic  regression,  II  and  FFP  volume  trans¬ 
fused  were  found  to  be  predictive  of  moderate  or  severe 


TABLE  V.  Propensity  Matching  by  Age  Only  for  Those 
With  ARDS 


Military 
(n  =  48) 

Civilian 
(«  =  48) 

p  Value 

Age,  Years 

31  ±  10 

31  ±  10 

0.92 

BMI 

30  ±6 

28  ±7 

0.41 

Male  (%) 

100 

90 

0.06 

ISS 

30  ±  15 

28  ±  16 

0.67 

TBSA  (%) 

44  ±26 

43  ±27 

0.71 

II  (%) 

55 

56 

0.96 

FT  Bum  (%) 

34  ±26 

22  ±27 

0.77 

FFP 

3  ±7 

2  ±  6 

0.26 

24-Hour  Volume" 

23  ±  12 

18  ±15 

0.24 

AKI  (%) 

73 

79 

0.47 

Pneumonia  (%) 

63 

48 

0.15 

ARDS  Mortality  (%) 

33 

38 

0.67 

AKI,  acute  kidney  injury;  ARDS,  acute  respiratory  distress  syndrome;  BMI, 
body  mass  index;  FFP,  fresh  frozen  plasma;  FT,  full-thickness;  II,  inhalation 
injury;  ISS,  Injury  Severity  Score;  TBSA,  total  bum  surface  area.  “Data  only 
available  for  15  military  patients. 

ARDS  exclusively  in  military  patients,  and  age  and  AKI  were 
unique  to  civilians.  These  predictors  are  consistent  with  a 
recent  report  from  our  institution  utilizing  the  Berlin  defini¬ 
tion  to  assess  prevalence  and  outcomes  of  ARDS  in  combat 
casualties7  and  emphasize  the  differences  in  these  2  popula¬ 
tions  reported  on  in  this  article.  We  have  previously  eluci¬ 
dated  this  difference  by  reporting  that  military  burn  patients 
have  a  higher  ISS  than  their  civilian  counterparts  and  sustain 
injuries  more  frequently  as  a  result  of  explosive  mechanisms.11 
Prior  reports  from  civilian  literature  have  suggested  that  II  is 
not  predictive  of  the  development  of  ARDS.12  One  possible 
explanation  for  our  findings  is  that  the  inherent  mean  96-hour 
evacuation  time  from  injury  to  arrival  at  our  center  results 
in  the  deferment  of  burn  center-specific  treatment  of  II  (fre¬ 
quent  bronchoscopy  and  high-frequency  percussive  venti¬ 
lation);  therapy  that  is  available  immediately  for  civilians 
injured  in  close  proximity  to  our  facility.8 

The  results  of  propensity  matching  reveal  that  the  sig¬ 
nificant  mortality  difference  between  the  two  cohorts  did  not 
persist  when  age  is  matched.  Age  as  a  risk  factor  for  mor¬ 
tality  is  not  unique  to  this  report.  The  triad  of  age,  TBSA, 
and  presence  of  II  remain  the  classic  predictors  of  mortality 
in  various  models  for  thermal  injury. 13-17  The  earliest,  widely 
used  mortality  predictive  tool  described  in  1961  predicted 
mortality  based  on  the  sum  of  age  and  TBSA  burned.18  Since 
that  time,  various  groups  have  reported  the  importance  of  II 
in  other  methods  to  predict  mortality.14'17  In  a  report  describ¬ 
ing  the  development  of  an  age-specific  predictive  score  of 
mortality,  Moreau  et  al19  described  that  the  decrease  in 
mortality  reaches  a  nadir  at  age  21.  Based  on  the  signifi¬ 
cantly  lower  age  and  mortality  of  military,  our  outcomes  are 
consistent  with  their  findings. 

The  retrospective  nature  of  this  study  carries  with  it  cer¬ 
tain  inherent  limitations.  Even  with  detailed  chart  reviews,  it 
can  be  difficult  to  make  a  diagnosis  of  ARDS  with  certainty. 
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Impact  of  Age  on  ARDS  Outcomes 


There  is  a  small  subjective  component  to  the  diagnosis.  Strict 
adherence  to  the  Berlin  diagnostic  criteria  and  implementa¬ 
tion  of  a  structured  adjudication  process  were  used  to  over¬ 
come  this  limitation.  The  significant  heterogeneous  nature 
of  the  population  made  comparing  outcomes  difficult;  this 
limitation  was  addressed  by  propensity  matching.  In  addi¬ 
tion,  we  are  not  able  to  take  into  account  any  other  factor 
than  age  that  may  have  contributed  to  the  improved  out¬ 
comes  noted  in  military  patients.  The  military  population 
was  almost  exclusively  male,  whereas  the  civilian  popula¬ 
tion  was  75%  male;  this  difference  may  have  skewed  the 
morality  rates.  There  may  be  some  inherent  benefits  to  the 
physical  training  and  nutrition  that  are  inherent  in  military 
patients  before  injury  and  these  were  not  able  to  be  accounted 
for.  However,  as  our  propensity-matched  results  show,  this 
is  unlikely  as  BMI  was  no  different  between  the  two  age- 
matched  groups. 

CONCLUSION 

Among  a  burned  population  requiring  MV,  we  found  a  sig¬ 
nificantly  lower  mortality  in  the  military  cohort  when  com¬ 
pared  to  civilians  overall  as  well  as  in  those  with  ARDS, 
despite  more  severe  injury  in  the  military  group.  However, 
this  difference  appears  mostly  because  of  age. 
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